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Table 24 gives a qualitative breakdown of the polar compounds in two
Utah shale oils that were produced by direct-heated and indirect-heated
surface retorting processes (Lovell, 1978).

Some evidence indicates that shale oils retorted in situ may gener-
ally contain somewhat lower concentrations of heteroatom and polar
compounds than surface-retorted oils (Poulson et al., 1976) but the con-
centrations are still much higher than those in conventional crude oils.
A significant degree of upgrading (denitrification) will be necessary
with all raw shale oils before they can be refined to useful end products
by conventional processes.

Removing the nitrogen from raw shale oil is critical because of its
effect on downstream processing. Direct fixed-bed hydrogenation of both
whole and fractionated raw shale oil has been used for nitrogen reduc-
tion (Sullivan and Stangeland, 1978), and results to date support the
conclusion that hydrodenitrification of whole shale oil to the ppm range
is feasible. The process conditions required would be more severe than
those of present refining operations, however; high pressures (-2000 psi)
and high hydrogen consumptions (-2000 standard cubic feet per barrel)
would be necessary to reach the desired nitrogen levels.  Although this
is technically feasible, the costs would be high.

Another possible approach to nitrogen removal is to combine hydro-
processing of the raw shale oil with an acid extraction step to reduce
the nitrogen compounds by precipitation.  Relatively mild hydroprocess-
ing conditions can bring about a substantial conversion of neutral and
acidic nitrogen compounds to basic amines that can then be converted
into insoluble amine salts with a strong acid (e.g., HC1).

There is a need for more research on such mechanisms together with
process research and development on nitrogen removal using catalyst selec-
tivity, solvent extraction (acid treating), and hydroprocessing.

Arsenic

The concentration of arsenic in raw shale oil is on the order of 1000
times higher than the concentration of arsenic in conventional crude oil,
Green River oil shale has an arsenic content of about 50 ppm (Burger
et al., 1975), and comparable levels have been f6und in shale oils
recovered elsewhere by various retorting processes.  Since arsenic poi-
sons certain catalysts currently used for refining oil, most of the
arsenic in shale oil must be removed before it is piped into a conven-
tional refinery.  Generally speaking, it is desirable to reduce the
level of arsenic in the naphtha fraction charge to 5 ppb or less before
catalytic reforming. The distribution of arsenic throughout the boiling
range of raw shale oils is most likely due to the presence of various
species of molecular arsenic.
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